Aim: The prevalence of sedentary behaviour has increased, and physical activity (PA) levels have declined with increases in urbanisation and modernisation. Researchers need to find solutions to address this lack of PA. The main aim of this study was to identify the PA level and sedentary behaviour in a randomised sample of the Czech adult population in 2002 and 2011.
INTRODUCTION
Adequate levels of physical activity (PA) positively influence health (1) . Globalisation and urbanisation have created an environment that enhances negative changes in the population's diet and reduces PA, which results in positive energy balances (2) . Overall, these changes have brought greater risks of weight gain, overweight and obesity (3) . Insufficient PA is also associated with frequent occurrence of hypertension and other cardiovascular diseases, type 2 diabetes, breast cancer, bowel cancer, and death (4, 5) . The occurrence of these non-infectious diseases is also reflected in increased health care costs (6) .
To better understand PA patterns, we needed to monitor trends in the population using both longitudinal and cohort studies (7) . Surveys aimed at the Czech adult population have shown that the prevalence of overweight and obesity has increased, but decreases in sedentary behaviour have not been verified (8, 9) . The perceived decline in PA has been studied in Czech adolescents over the period of the last 10 years (10) . This study identified a decrease in PA that corresponded with the fast-paced increase in the number of households with a computer and internet connection and the increase in the number of cars in the last decade (10, 11) . However, only a few studies of sedentary behaviour and PA in Central and Eastern Europe have been performed (12, 13) . Furthermore, the information about the trends in PA behaviour among the Czech population indicates that other post-communist countries in Central and Eastern Europe went through the same economic and political transition before joining the European Union. We assume that the lack of quality results and information about Central and Eastern European countries may be the reason that prevented full recognition of the importance of enhancing PA as a serious public health issue. Although several national strategic documents that support PA in Europe have been released in recent years and more member states of the European Union have prepared strategies to enhance PA, none of the Central and Eastern European states has taken either of these steps (14) (15) (16) .
There are various research tools that we can use to assess PA and sedentary behaviour in different populations. The limitation of these tools is their mutual comparability. The International Physical Activity Questionnaire (IPAQ) (17) was created as a tool to allow comparisons between countries. IPAQ was originally created in 1998-2000 to provide information about PA of populations in different countries and different socio-cultural conditions and to allow international comparisons (12, 18) . The use of the IPAQ questionnaire inspired the creation of a similarly structured equivalent version of the Global Physical Activity Questionnaire (GPAQ) (17, 19) . GPAQ provides similar data, and results on concurrent validity showed a moderate to strong, positive relationship with the data from the IPAQ questionnaire, which had previously been validated and accepted as a suitable tool for the assessment of PA (17) . The measurements of sedentary behaviour and physical inactivity with the items of both IPAQ and GPAQ questionnaires show good reliability (ICC > 0.77), and the items of both questionnaires concerning sitting provide similar information (20) . The research performed in the former Eastern bloc is unique because of its political-economic development. The countries of the former communist bloc tend to repeat the negative trends in health-related behaviour that previously took place in economically advanced Western countries (21) . However, the countries in Central and Eastern Europe can learn from these negative global issues that were identified in Western Europe (22, 23) . Due to the similar political-economic development of the former communist bloc countries, the knowledge of conditions and development of Czech inhabitants' PA behaviour can be used to create effective interventions that enhance health and PA in Central and Eastern European countries.
The main aim of the study was to describe sedentary behaviour and the PA level in a random sample of Czech adult population in 2002 and 2011. The specific goals of the study were as follows:
• to describe the differences in the time spent sitting with respect to age, gender and the year of the study; • to describe the percentage of people who engaged in various PA levels (low, moderate, high) and the changes in PA levels between 2002 and 2011; and • to describe the factors associated with low PA levels.
MATERIALS AND METHODS

Ethics
The current study was undertaken in the Czech Republic following an approval by the Institutional Research Ethics Committee at Faculty of Physical Culture, Palacký University in Olomouc. Participation was voluntary and no rewards or incentives for participants were offered. The participants were apprised of the aims, objectives and methods of the study before the monitoring of PA began. Confidentiality and data anonymity were carefully maintained throughout the study.
Participants and Data Collection
The examination of Czech Republic inhabitants' PA levels using the IPAQ questionnaire was carried out in the autumn of 2002. A systematic random sampling method was used to identify sampling locations from a national address database. Selected households were visited by a trained researcher following a standard protocol. All inhabitants of the household who agreed to participate and who were more than 15 years old received a questionnaire to complete. A total of 3,873 respondents participated in the study. The response rate was 58%. The research sample was stratified according to region, age and gender to create a nationally representative sample. The sample for this analysis included 1,782 inhabitants of the Czech Republic aged 20-64 years.
Furthermore, the examination of Czech Republic inhabitants' PA levels using the GPAQ questionnaire was carried out in the autumn of 2011. Based on an electoral list of citizens, 1,996 respondents were randomly selected after stratification by region, age and gender (24) in order to create a nationally representative sample. Trained interviewers visited households and collected data via standardised structured interviews. The research sample consisted of 1,753 respondents aged 18-90 years. The response rate was 90%. The random sample of this analysis included 1,359 Czech Republic inhabitants aged 20-64 years. The characteristics of the samples are presented in Table 1 .
Assessment of Sedentary Behaviour and Physical Activity
The Czech Republic inhabitants' PA levels were assessed using the internationally standardised, short self-administered version of the IPAQ questionnaire in 2002 (18) . The questionnaire contains items related to vigorous PA, moderate PA, walking and sitting. The data were processed in compliance with the IPAQ committee recommendations (25) .
To assess the inhabitants' PA levels in 2011, the standardised GPAQ questionnaire was applied (19) . The GPAQ questionnaire was developed by the World Health Organization (WHO) to monitor PA in different countries and contains item related to PA at work, during transportation, recreational PA, and sedentary behaviour. The obtained data were processed using the PA questionnaire analysis guide (26) , and PA levels were divided into low, moderate and high.
For both questionnaires (IPAQ, GPAQ) the classification of the population into groups with low, moderate, and high PA levels is suggested (25, 26) . A high PA level was defined when a person met any of the following criteria: vigorous activity on at least three days and achieved a minimum of 1,500 MET-minutes per week; seven days or more frequent occasions of any combination of walking or moderate or vigorous activity that achieved a 
Statistical Analyses
Statistical analyses were performed using STATISTICA v. 10 and IBM's SPSS v. 19. To assess the differences between the proportions of PA classifications (low, moderate or high), Pearson's χ 2 test and analyses of adjusted residuals were applied. Logistic regression was used to estimate the probability of being categorised as having a low PA level. The dependent variable was the category of low PA, and the independent variables were the year of the study (2002, 2011) , gender, age category (20-34, 35-49 and 50-64 years), and time spent sitting (< 4 hour per day, ≥ 4 hour per day). MANOVA and ANOVA of the main effects were applied for more detailed analyses of the time spent sitting as the independent variable and the age, gender and the year of the study as the dependent variables (factors). An alpha level of 0.05 was used to evaluate statistical significance, and the effect size coefficient (ω 2 ) was also used (27) .
RESULTS
Sedentary Behaviour
Irrespective of the participants' age, the average time spent sitting in 2002 was 6.25 hours per day in men and 6.66 hours per day in women, whereas in 2011 men spent sitting on average 5.42 hours per day and women 5.48 hours per day.
Regarding the sedentary time ( Fig. 1 ), significant differences between 2002 and 2011 (F = 83.84; p < 0.001; ω 2 = 0.03) and significant differences between men and women (F = 5.74; p = 0.017; ω 2 < 0.01) were confirmed. However, the differences between the age groups were not significant for this variable (F = 1.36; p = 0.058; ω 2 < 0.01). An analysis of variance revealed a main effect indicating that adult participants in 2002 spent significantly more time sitting than in 2011. Females spent more time sitting than males. Based on the MANOVA model, the interactions between age, gender, year of the study, and sedentary time were not significant.
Physical Activity Levels -in 2002 and 2011
Out of the total of 1,782 participants in 2002 and 1,359 participants in 2011, in both surveys more than half of adults reported a high PA level (Table 1 ). Low PA levels were reported in 11.4% of adults in 2002 and 27.9% of adults in 2011.
A detailed comparison of 2002 and 2011 based on Pearson's χ 2 test revealed that the proportions of participants in the categories of low, moderate and high PA levels significantly (p < 0.01) changed among both males and females in all age groups. In all age categories (20-34, 35-49 and 50-64 years), the results of an adjusted residual analysis showed a significant increase (p < 0.05) in the proportions of males and females in the low PA category. Furthermore, with the exception of females aged 50-64 years, the proportion of adults in the moderate PA category showed a significant decline. The high PA category showed no significant changes between 2002 and 2011 in the age categories below 50 years of age; however, the age group of 50-64 years exhibited a significant decline (p < 0.05) in the proportions of both males and females in the high PA level category.
Factors Associated with Low Physical Activity Levels
The results of logistic regression (Table 2) revealed that adult participants in the 2011 study were approximately 3.6 times more likely to be classified in the low PA category than the participants in the 2002 study. Similarly, adults in the age categories of 35-49 and 50-64 years were more likely to fall into the low PA level category than were young adults aged 20-34 years. Universityeducated adults (in 2011) and also participants who spent more than four hours a day sitting were more likely to be in the low PA level category. In contrast, gender was not significantly associated with low PA levels, and the interactions between the dependent variables and the year of the study were not significant. In summary, factors such as the 2011 survey year, older age, and spending more than four hours a day sitting were associated with higher odds of having a low PA level.
DISCUSSION
The aim of this study was to identify the changes in sedentary behaviour and PA in a randomized sample of the Czech adult population between 2002 and 2011. Although we might expect that significant declines in PA would be accompanied by increases in sedentary behaviour (28) , the results of this study are not that clear regarding this issue.
The sedentary time decreased from 2002 to 2011, but other studies have shown increases in sedentary behaviour (29) . Despite the observed decline in sedentary time in Czech adults, respondents in 2011 spent, on average, more than 5.4 hours per day 
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being sedentary. Sedentary behaviour is associated with cardiometabolic and other risk factors (4, 5) . The effects of sedentary behaviour in adults are specific to various types of sedentary behaviour, therefore, we can assume that this scientific area is complicated and cannot be understood simply as an absence of PA (30) . Moreover, results indicated that sedentary behaviour can induce various risk factors that are independent of PA level (25) .
PA is relatively independent of sedentary behaviour, which means that these two behaviours do not directly displace each other in youth and adults (31, 32) . PA is an important determinant of health, and adequate PA has preventive qualities. Low PA levels represent a risk factor for diseases such as high blood pressure, other cardiovascular diseases and diabetes (4, 5) . The results of this study confirmed an increase in the number of adults with low PA levels from 2002 to 2011. Similar trends were identified in a cross-sectional study of the Argentine National Risk Factor Surveys. This study reported that the prevalence of low PA levels and obesity increased in the period from 2005 to 2009 (33). However, an opposite trend was also found, when the percentage of inactive Danish adults was decreased between 2000 and 2010 (34) . Our study of the Czech adult population showed that older people and people who spent more time sitting had higher risks of being classified in the low PA category. The Survey of Health Ageing and Retirement in Europe showed that older people, low PA levels and declines in PA are associated with declines in selfevaluations of health (35) .
A positive finding of the present study is that more than a half of adult individuals achieve a high PA level. A comparison of results of the IPAQ short and GPAQ questionnaires revealed that compared with 2002, 2011 saw an increase in the proportion of men and women classified in the low PA-level category. Although the IPAQ and GPAQ questionnaires are comparable, they are structurally different. The short form of IPAQ contains fewer questions than GPAQ (36) . However, the longest version of the questionnaire is the IPAQ long. Some studies point to the fact that the IPAQ short overestimates inactivity and systematically underestimates PA levels compared with the long version of IPAQ (37, 38) . In assessing PA using IPAQ and GPAQ in small samples, the decisive factor can be the stability of PA behaviour, where the IPAQ and GPAQ questionnaires report a higher degree of association in individuals with a stable behavioural pattern. The IPAQ short and GPAQ report good reliability and validity at a population level as well as they have mutual comparability (19, 20, 39) . Even if we took into consideration studies in which the IPAQ short overestimates physical inactivity and underestimates PA levels, in the assessment of changes in the IPAQ short in 2002 and GPAQ in 2011, we could expect even higher increase in the proportion of individuals in the moderate and high PA-level category. Unfortunately, no study at a population level has been published that would compare the results of PA according to the IPAQ short and GPAQ. Therefore, these results should be interpreted with a degree of caution.
Contrary to the results concerning Czech adults, the results revealed that the PA levels in Polish adults were higher at the beginning of 21st century than those in the 1990s (12) . Swiss adults also reported significant increase in physical activity from 1999 to 2009 (40) . High PA levels are associated with walking and cycling, and both males and females with high PA levels have healthy BMIs (41) . In contrast, only approximately 19% percentage of participants in the low physical activity category; OR -odds ratio; CI -95% confidence interval; *p < 0.05; **p < 0.01; ***p < 0.001
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of Czech adults included in our study were in both surveys in the low PA level category, which, unlike the high PA level, is associated with an elevated occurrence of being overweight and obese (41) . A previous study of the Czech population revealed increases in the proportions of people who are overweight and obese; however, a decline in PA was not confirmed (8) . Nevertheless, more than 60% of adults are assessed as being sedentary (13) . In Poland, low and inadequate PA levels were confirmed in two-thirds of the adult population; however, this research did not examine the differences between PA in Polish people and other Europeans (12) .
Furthermore, the results of our study showed that people with a university education were more likely to be in the low PA level category than people with lesser education. This finding corresponds with findings obtained using the IPAQ short questionnaire in the Czech population in 2008 (42) . In contrast, in the French middle age population, women with higher education met the health recommendations for PA more frequently than women with lesser education (43) . The influence of education on PA differs in various countries. For example, a Norwegian cross-sectional study showed that interventions aimed at changing the psychological correlates of PA can be effective regardless of gender, weight and education (44) .
As expected, our study showed that older and predominantly sedentary people had higher probabilities of being in the low PA-level category. In contrast, older French adults were more likely to meet the PA recommendations (43) . An international comparison of 20 countries argued that PA is inversely associated with sedentary behaviour. Participants who report low activity in IPAQ are three times more likely to be in the top quintile for time spent sitting compared to those who report high PA levels (45) .
Despite the fact that both studies were carried out in representative samples of the Czech population using valid and internationally standardised tools for assessing PA (IPAQ, GPAQ), this study has limitations. The validation of the GPAQ questionnaire for Central European countries has not yet been published, though it is shortcoming. Another general limitation is the fact that the data in questionnaire surveys are biased with subjective perceptions. We also do not have information about how many individuals are relatives. Analyses related to education and low PA level may be influenced by the fact that adults aged 20 years may not have definitely completed education, and this bias could affect the result in this analysis.
In summary, a positive finding arising from the present study is a decrease in the time spent sitting, although adults still spend over 5.4 hours a day sitting, on average. This study also shows that the proportion of adults in the moderate PA-level category is decreasing and that the proportion of people in the low PAlevel category is increasing. Contrary to our expectations, the Czech population with college/university education exhibited a greater probability of being in the low PA-level category compared with people with secondary or elementary education. Older people and those who are sedentary for more than four hours a day showed increased probabilities of being in the low PA-level category. Together, the results of this study and other studies imply that PA and sedentary behaviours can differ across countries. Therefore, more research on the trends of sedentary behaviour and PA should be performed, especially in Central and Eastern European countries.
